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The sarus crane (Grus antigone antigone) is listed as “vulnerable” in the International Union for Conser-
vation of Nature (IUCN) Red List of Threatened Species. Sarus cranes are distributed in the lowlands, but
most live outside protected areas, especially in agricultural areas and wetlands of Nepal. The continuous
expansion of agricultural land and the reduction of wetland habitats pose the greatest threats to the
conservation of the species. We studied the sarus crane in the Rupandehi District of Nepal to understand
their population structure, behavior, and current threats.We used the line (i.e., road) transectmethod from
August 2013 to February 2014. The study area contained 147 sarus cranes. Agricultural land and wetland
areas contained the highest number of sarus cranes. Our analysis showed that the population of sarus crane
in the area has declined since 2007. Most sarus cranes lived in pairs. A single ﬂock contained 13 cranes at
maximum. Sarus crane behavior was not signiﬁcantly different before and after the breeding seasons.
Humanesarus crane conﬂict beganwhen cranes started utilizing agricultural areas. Themain threats to the
hatching success and survival of sarus cranes in the Rupendehi District are egg theft and the hunting of
cranes formeat. Theﬁndings of this studyestablish baseline information on the overall conservation status,
habitat availability, and ecological behavior of sarus cranes in the district. We propose regular surveys to
monitor sarus crane population levels in the face of multiple anthropogenic threats to their survival.
Copyright  2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction depression in the center (Mukharjee et al 2000). At dawn and duskThe sarus crane (Grus antigone) has been listed as “vulnerable”
in the International Union for Conservation of Nature (IUCN) Red
List of Threatened Species. Approximately 8,000e10,000 in-
dividuals of the antigone subspecies inhabit Nepal, India, and
Pakistan (Birdlife International 2012). However, the population is
declining (Archibald et al 2003). They are sociable birds (Lloyd and
Mitchinson 2009) and large ﬂocks exist, especially during the
breeding season (Johnsgard 1998). Sarus cranes have evolved to
inhabit wetland areas and will predominantly nest in marshlands
(Ali and Ripley 1983; Gole 1989; Latt 2001; Walkinshaw 1973).
Nests are typically composed of aquatic vegetation and submerged
in water. Nests are circular or oblong with a broad base and auseum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.only, sarus cranes ﬂy short distances at the tree canopy level be-
tween foraging areas and roosting sites (Ali and Ripley 1969).
With regard to potential threats to sarus cranes in Nepal, few
studies have described the impact of human activities on the sarus
crane habitat (Aryal et al 2009; Inskipp and Baral 2010). Studies have
recommended enhancing conservation awareness within local
communities around important sarus crane breeding sites (Aryal
et al 2009; Sundar and Choudhary 2003), increasing the number of
smaller wetlands (Archibald et al 2003), encouraging farmers to
protectnests (Khacher 2006), andestablishingbaseline data on sarus
crane ecology (Sundar et al 2000). However, there are limited studies
focusing on habitat utilization, nesting, breeding success, and
behavior of sarus cranes. In this study, we provide the current status
of sarus cranes, their habitat utilization, and the perception of local
people about sarus cranes. The ﬁndings from this study are expected
to establish a baseline on the overall conservation status, habitat
availability, and ecological behavior of sarus cranes in an area.(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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Study species
Sarus cranes are distributed in the Terai region in southern
Nepal. This region stretches from Shuklaphanta to Chitwan
(Suwal and Shrestha 1992). The species is declining in this area
because of the deterioration of wetlands (Suwal and Shrestha
1992). Studies suggest that the farmlands of the Rupandehi and
Kapilvastu districts are the main areas where sarus cranes breed
regularly (Aryal 2004). Jagadishpur Reservoir (also within the
Terai region) and its surrounding areas are prime habitats for
maintaining viable populations of sarus cranes and other water
birds (Aryal et al 2009). The nonbreeding population generally
exists in ﬂocks using larger wetlands for roosting, whereas
breeding pairs exist in discrete territories with an adequate water
supply (Sundar 2009).Study area
The ﬁeld study was performed in the Rupandehi District in
western Nepal (Figure 1). The elevation in this area ranges 95e
1,219 m above sea level. The study area primarily consists of forests,Figure 1. The study areas where sarus crane were dgrasslands, wetlands, and paddy ﬁelds. There are also numerous
large ponds in the area, including Jagadishpur Reservoir (Aryal et al
2009).
The study consisted of surveys conducted between August 2013
and February 2014. This was followed by detail surveys across a 5-
month period. This detailed study coincided with the egg-laying
season for sarus cranes. This helped minimize pseudoreplication
because the birds remained close to their nests during this time to
protect the nesting area and eggs (Aryal 2004).Population and nest monitoring
We used the “road transect” method to count the sarus crane
population. We established 114 transects (1e5 km long each) that
covered 23 village development committees (VDCs) in Rupandehi
District. Any sarus crane observed with the naked eye and/or with
binoculars within 1,000 m on either side of transects were recor-
ded. The sex, number of birds, presence/absence of juveniles,
number of nests, habitat type, and potential threats to sarus cranes
were also noted. The global positioning system (GPS) coordinates of
the location of the sarus cranes were recorded. We also created a
prepared distributionmap based on these GPS points using ArcMap
(version 9.1; ESRI Inc., Redlands, CA, USA).irectly observed and nest sites were recorded.
Figure 2. Population distribution of sarus cranes in the study area: VDC¼ Village
Development Committee.
Figure 3. A ﬂock of sarus cranes (photo by Dr Achyut Aryal 2015).
Figure 4. The social structural behavior of sarus cranes.
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To document the social structure of the sarus cranes, we
observed all individuals within each transect and nontransect
areas. We recorded their social structure as follows: (1) pairs with
chicks, (2) pairs without chicks, (3) single adults, and (4)
nonbreeding pairs.
Behavior
The behavioral study was conducted during August (i.e., pre-
breeding season) and October (i.e., postbreeding season). At 2-
minute intervals, body postures of the sarus cranes were recorded
by utilizing the scan and focal sampling methodology (Altmann
1974). The birds were observed during three separate periods of
the day: 07:00e12:00, 12:00e16:00, and 16:00e19:00 hours. For
this purpose, three pairs of cranes were selected: one pair from
agricultural land, one pair from a wetland area, and one pair that
was semi-captive (i.e., reared by a local farmer and subsequently
freed to agricultural land at 6e12 months old). In addition, during
the breeding season, behavior was recorded for 1 hour for every
bird or pair of birds observed during the survey. The behavior of
each crane was recorded pre- and postbreeding season for 140
hours (10 hours daily; 70 hours per season). The behavior occurring
in the ﬁrst minute, third minute, ﬁfth minute etc. up to 10 hours
was recorded for 7 days. Behaviors exhibited between the ﬁrst and
second minute, second and third minute, etc. were not recorded.
Behaviors included (1) resting position (i.e., sitting posture, bipedal
standing); (2) comfort movements (i.e., preening, shaking,
stretching, wing ﬂapping); (3) locomotion (i.e., walking and
running, ﬂying); (4) food intake (i.e., foraging, drinking); (5) defe-
cation; (6) interindividual or social behavior (i.e., threat displays,
attacking); (7) nest building; and (8) vocalizations. Written obser-
vations, motion pictures, and tape recordings of vocalizations were
used to document behavior patterns (Voss 1976). To ascertain
threats to sarus crane habitats, we employed direct observations
and consultation with local human inhabitants (n¼ 258).
Results
Population
During the survey, 143 sarus cranes were observed. There were
69 male cranes, 68 female cranes, and 2 juvenile cranes. The sex of
the remaining 4 cranes was unknown. Among 114 transects, sarus
cranes were observed along 49 transects. The highest number of
sarus cranes was in the Kamahariya VDC (20), followed by Bhag-
wanpur (15 cranes), and Bairghat and Simara (11 cranes each)
(Figures 2e3). No sarus cranes were observed in Dayanagar, Har-
niya, and Silautiya VDCs.
Sarus crane habitat
The number of sarus cranes sighted within this survey varied,
according to habitat type. Among 73 sarus crane detection sites,
68.5% of sites were in agricultural land; 21.9% of sites, in wetland;
and 9.6% of sites, in mixed habitats (i.e., agricultural and wetland).
Sarus crane social structure
Among the four social structures, 80% of sarus cranes were
classiﬁed as a pair and 7% were classiﬁed as a single bird (Figure 4).
Among 77 observation points, 183 sarus cranes were recorded. The
average ﬂock size was 2.37 individuals (Figure 4). From 1,562 ob-
servations, 26 types of postures/behavior were recorded.Behavior during the breeding and postbreeding seasons
Therewere no signiﬁcant differences in behavior during the pre-
and postbreeding season (t¼ 0.28, df¼ 37, p¼ 0.779; Figure 5).
During the breeding season, 1,562 behavioral activities were
observed. These were then categorized into 26 types of postures
(Figure 5). The predominant behaviors during the breeding season
Figure 5. The behaviors of sarus cranes during the breeding and postbreeding periods.
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behaviors accounted for 73% of the total activity, compared to other
activities (t¼ 2.2, df¼ 37, p¼ 0.032; Figure 5). Most birds remained
in one area during the observation period of approximately 1 hour.
The birds had very few short ﬂight attempts, which were made
exclusively when a pair were apart and not visible to each other.
However, 9 individuals ﬂew a long distance (>3 km). Aggressive
and defensive behaviors were evident only when sarus cranes
encountered potential predators such as jackals, egrets, black
drongos, cattle, unfamiliar people, and other sarus cranes. These
behaviors accounted for 0.64% of the total behaviors observed
during this study. Sarus cranes behaved differently toward different
people.When an unfamiliar person approached the nest (especially
one containing eggs), the bird exhibited offensive/defensive
behavior. However, a bird’s behavior was normal when the owner
of the ﬁeld approached its nest. Activities such as arranging the egg,
chasing, maintaining the nest, neck stretching, and wiping the beak
were the least observed behaviors. There were sex and temporal
variations in behavior. For example, arranging the egg, jumping, leg
shaking, and washing beak behaviors were exhibited exclusively by
males. Activities such as washing the beak, chasing, neck stretch-
ing, dancing, and nesting were observed only between 12:00 and
16:00 hours.Behavior postbreeding season
Thirty types of behavioral postures were recorded during the
postbreeding season (Figure 5). The behaviors of the sarus cranes
with the highest percentages were feeding, preening, and standing,
which were 36%, 20.21%, and 16.03%, respectively (t¼ 0.21, df¼ 37,
p¼ 0.032; Figure 5). The least observed behaviors of the sarus
cranes were body shaking, chasing, and placing vegetation into the
nest. Each of these behaviors accounted for 0.02% (Figure 5).Major threats to sarus cranes
The major threats to the continued survival of sarus cranes in
this study area included habitat destruction, people hunting for
meat, egg stealing, electrocution, cattle grazing, and the agricul-
tural use of pesticides. During the study period, wetlands were
drained to create agricultural land. The hunting of sarus cranes and
the stealing of eggs were similarly common practices of inhabitants
in the area. Among the 57 eggs monitored within 21 nests, 15
(26.31%) were stolen by people. Killing of some juvenile sarus
cranes and the selling of crane meat and eggs to local hotels were
reported by local people during the ﬁeld visit. The locals reported
that more than 10 sarus cranes were killed by electrocution in 1year (approximately 6.8% of the total population of sarus cranes) in
the study area.
Cattle grazing or trampling also destroys sarus crane eggs and
nests. Among 57 eggs recorded, 5 eggs were found broken. Three
eggs were broken by cattle. The cause of the destruction of the
other 2 eggs was unknown. One active nest had an egg that simi-
larly was damaged by a buffalo.
Farmers actively used pesticides and fertilizers on farms for
agricultural production, which led to food contamination and
reduced the food availability for sarus cranes. The locals also re-
ported that ﬂooding was a major threat for sarus cranes. Flooding is
common in the district and poses a serious threat to nests, and
reduces the chances of nesting success. There were some instances
in which nests found in the ﬁrst visit had beenwashed away by the
second visit.Discussion
In this study, in Rupandehi and Kapilvastu districts the density
was 0.516 cranes per km2 (Paudel 2009), which is lower than the
density of 0.6 per km2 observed by Suwal (1994) in the same area.
In 1992, 10 nesting pairs were recorded; in 1993, 14 nesting pairs
were recorded. In a 1999 survey, 50e75 cranes were found in Nepal
(Suwal 1999). Rupandehi is one of the most important habitats for
sarus cranes with a population of 100 individuals in 2004 (Aryal
2004). However, because of the various threats posed to this spe-
cies, there is a strong risk of local extinction, if rapid conservation
action is not implemented.
There have been several studies on the population of sarus
cranes in the Rupandehi District. A study conducted in 1995 and
1996 recorded 128 birds and 131 birds, respectively, in Rupandehi
District (Shrestha 1996). Aryal (2004) reported that the population
of sarus cranes in Rupandehi District was 100 individuals. Suwal
(2007) reported that the population of sarus cranes in Rupandehi
District was 200 individuals. Surveys of farmlands in Lumbini,
Rupandehi in 2009 indicated that the sarus crane density was 0.516
individuals/km2, which is 504 sarus cranes within that area (Bird
Conservation Nepal and Department of National Parks and
Wildlife Conservation 2011).
Temporal variation in the population of sarus cranes was
observed in the area. In 1999, there were an estimated 50e75 in-
dividuals (Suwal 1999). According to Shrestha (1996), the sarus
crane population was estimated at 128 birds in 1995 and 131 birds
in 1996. Other studies have shown that the sarus crane population
was 100 individuals in 2004 (Aryal 2004), 200 individuals in 2007
(Suwal and Gosai 2007), and 140 individuals in 2011 (Gosai 2011).
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studies may be because of discrepancies in the methodology used
by each researcher, coverage of the study area, or season of the
study. Our study found that the density of sarus cranes as 4.2 in-
dividuals per km2. However, the density of sarus cranes presented
by Aryal (2004) was 0.1152 sarus cranes per km2, far lower than our
estimates. One explanation for the discrepancy could be the dif-
ference in the area covered during the ﬁeld observation, data
generation, and calculation methods. Anecdotal observations of
ﬂocks of 20e30 individuals have been reported in the past by local
inhabitants. In addition to habitat decline, major factors contrib-
uting to population decline are egg theft, and the hunting of sarus
cranes for meat (Aryal 2004).
Our results suggest that sarus cranes inhabit agricultural land,
because of the suitability of the habitat. Sarus cranes prefer agricul-
tural land for feeding and wetlands for roosting (Aryal et al 2009).
Feeding during breeding season was the most highly observed
behavior (Figure 5). This suggests that sarus cranes spend a sig-
niﬁcant amount of time foraging and searching for food. The
display of offensive/defensive behavior only when a potential
threat approached may be for the protection of their nests/eggs.
Latt (2001) also noted the defensive/offensive behavior during the
breeding season.
We found several threats to the existence of sarus cranes in the
area. Major threats to the survival of sarus cranes in the study area
have been previously reported such as the conversion of agricul-
tural and wetlands for different industries such as cement factories
(Bird Conservation Nepal and Department of National Parks and
Wildlife Conservation 2011), dams, and road construction, and
the conversion of rice paddies to sugarcane farming (Aryal et al
2009) were also observed.
Many factors appear to contribute to sarus crane decline.
Hunting of sarus cranes and the stealing of their eggs were com-
mon. Our study reported the theft of 15 of 51 eggs monitored
during the period. Egg theft was a major cause of egg mortality in
wetland and rice ﬁelds (Sundar 2009). Eggs are removed by
humans to reduce sarus cranes from the area because they destroy
crops. Nesting in elevated parts of wetland areas and tall body size
(making them easily visible) may also be responsible for the high
poaching rate of the bird. Inskipp and Baral (2010) reported that
21% of the recorded Nepalese bird species utilize agricultural areas
for foraging.
Our study found electrocution was a threat for sarus cranes,
which is consistent with the ﬁndings of the other studies. One
study (Aryal et al 2009), reported that crane deaths in Nepal were
caused by powerline collisions. Collision with powerlines affected
2.5e20% of sarus cranes in India (Sundar et al 2000). Their large
body touches the positive and negative wires predominantly dur-
ing take-off and landing. Insulation of the cables or burying the
cables may help to reduce such deaths.
Current threats to the sarus crane populations are habitat loss
anddegradation, electrical lines, sugarcane cultivation around crane
habitat, dams and cementation in water canals, water pollution
because of nutrients and chemical leakage in water bodies, envi-
ronmental contamination, and other anthropogenic causes (Aryal
et al 2009). Furthermore, because of the destruction of natural
wetlands, sarus cranes frequently inhabit agricultural ﬁelds (Meine
and Archibald 1996; Sundar 2009), and are subsequently more
vulnerable than they had been historically because of the greater
degrees of human and sarus crane conﬂict (Sundar 2009).Acknowledgments
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